The Indicator-Based Evolutionary Algorithm (IBEA) is one of the first indicator-based multiobjective optimization algorithms and due to its wide availability in several algorithm packages is often used as a reference algorithm when benchmarking multiobjective optimizers. The original publication on IBEA proposes to use two specific variants: one based on the ε-indicator and one based on the hypervolume. Several experimental studies concluded that, surprisingly, the IBEA variant with the ε-indicator performs better than the one with the hypervolume-even if the (unary) hypervolume indicator itself is the quality measure used in the performance assessment. Recently, a small bug has been found in the hypervolume variant of IBEA with large implications on its performance. Here, we not only explain the bug in detail and correct it, but also present the (improved) results of the corrected version. Moreover, and probably even more important for the scientific community, we point out that this bug has been transferred to other than the original software package, discuss how this obscured the bug, and argue in favor of some simple, even obvious guidelines how the optimization community should deal with algorithm source codes, documentation, and the (natural) existence of bugs in the future.
Introduction
The Indicator-Based Evolutionary Algorithm (IBEA, [12] ) is one of the first proposed indicator-based multiobjective optimization algorithms. Due to its simplicity, good performance, and wide availability in several algorithm packages such as PISA [3] , Paradiseo [7] , jMetal [5] or the MOEA Framework [6] , IBEA is an often-used reference algorithm when benchmarking multiobjective optimizers.
The main idea behind IBEA is to employ in the calculation of a solution's fitness a binary quality indicator, which assigns two solution sets a scalar value indicating their relative quality. The original publication proposes to use two specific IBEA variants: one based on the additive ε-indicator, denoted IBEA ε+ in the following, and one based on the hypervolume (denoted IBEA HD ; more details about the algorithm are provided in the following section). Several experimental studies concluded that, surprisingly, the IBEA variant with the ε-indicator performs better than the one with the hypervolume [1,2,10]-even if the (unary) hypervolume indicator itself is the quality measure used in the performance assessment [12] . This led to the fact that most studies using IBEA use the version employing the ε-indicator.
Recently, a small bug has been reported in the hypervolume variant of IBEA in the Paradiseo [7] implementation which turned out to stem from its original PISA implementation [3] and which has some large implications on its performance. In the following, we not only explain the bug in detail and correct it, but also present the (improved) results of the corrected version on the same test problems as in the original publication [12] . As expected, the corrected version outperforms the buggy one with the exceptions of the discrete knapsack and network processor design problems and for a low number of objective functions where the two versions do not differ statistically significantly. On the ZDT6 problem, we furthermore show that the former version was not invariant under permutations of the objective functions while the corrected one is.
Moreover, we have seen that the same bug has been also present in other algorithm packages such as jMetal [5] and the MOEA framework [6] . Hence, we argue during the final part of the paper in favor of independent implementations, thorough testing, and a precise and honest documentation of algorithm packages within our community.
IBEA
The general Indicator-Based Evolutionary Algorithm (IBEA) as proposed by Zitzler and Künzli [12] is one of the very first multiobjective optimizers to integrate user preferences in a clear and mathematically sound way. The main contribution of IBEA was to open up a new research area on the design of multiobjective optimization algorithms which employ a so-called quality indicator in their (environmental) selection procedure.
Before we describe the original IBEA algorithm in more detail, let us mention that we consider, w.l.o.g., minimization problems here where the Pareto dominance relation ≺ is defined between solutions x 1 and x 2 as x 1 ≺ x 2 if and only if f i (x 1 ) ≤ f i (x 2 ) for all objective functions f i : X → Z (1 ≤ i ≤ k) and f i (x 1 ) < f i (x 2 ) for at least one objective function. In this case, we also say x 1 dominates x 2 . An m-ary quality indicator is furthermore a function I : Ω m → that maps m solution sets X 1 , . . . , X m from the set of all possible solutions (X 1 , . . . , X m ∈ Ω = 2 X ) to a real number. Nowadays, mostly unary quality indicators such as the standard hypervolume indicator are used in both performance assessment and the definition of solution quality within the environmental selection. Instead, IBEA itself is based on binary quality indicators that map two solution sets to a real number.
To be more precise, the fitness of a solution x 1 in IBEA's population P is assigned by F (x 1 ) = 
